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© Gas barrier resin composition and process for producing the same. 



© A gas barrier resin composition or its film having very high level gas barrier and moisture barrier properties, 
which comprises a resin and an inorganic laminar compound having a particle size of 5 um and an aspect ratio 
of 50-5,000. Said resin composition or its film can be produced by dispersing an inorganic laminar compound in 
a resin or resin solution in the state that the inorganic laminar compound is swollen or cloven with a solvent, and 
removing the solvent from the dispersion, if necessary in the form of a film, while keeping said state. 
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This invention relates to a resin composition, film or laminate which are excellent in gas barrier 
properties and to a process for producing the same. 

Many functions are required for packaging, and various gas barrier properties for protecting the 
contents are important properties which affect the preservability of foods. Change in distributive system, 
5 diversification of packaging technique, additive regulations and change in taste increase more and more the 
necessity of gas barrier properties. On the other hand, the gas barrier properties have been weak points of 
general plastics. 

The food-deteriorating factors are oxygen. light, heat, water and the like, and in particular, oxygen is a 
serious factor. Gas barrier materials are indispensable for effectively intercepting oxygen and simulta- 

w neously for measures of controlling the deterioration of foods such as gas-filling, vacuum packaging and the 
like. Since the barrier materials have a barrier function to not only oxygen gas but also other various gases, 
organic solvent vapors, fragrance and the like, they can be used for anticorrosion. deodorization and 
antisublimation and have been utilized in many fields of foods, cosmetics, agricultural chemicals, phar- 
maceuticals and the like such as package of confectionery, bonito pack, retort pouch, mineral water 

/5 container and the like. 

Of films consisting of a thermoplastic resin, oriented films of polypropylene, polyester, polyamide or the 
like have excellent mechanical properties, heat resistance, transparency and the like and are widely used as 
packaging materials. However, when these films are used for packaging foods, they are unsatisfactory in 
barrier properties to oxygen and other gases, and therefore, they tend to cause such various problems that 

20 their contents are deteriorated by oxidative degradation or with aerobic bacteria, fragrant components 
permeate the films to lose the taste of the contents, and the moisture in the atmosphere wets the contents 
to make the taste bad. Thus, usually, such a measure is often taken that other film layers having good gas 
barrier properties are laminated thereto. 

Heretofore, various transparent plastic materials having unsatisfactory gas barrier properties have been 

25 known and there are. for example, films composed of polyvinyl alcohol, ethylene-vinyl alcohol copolymer or 
polyvinylidene dichloride resin. However, these plastic materials are oxygen-permeable in such a degree 
that the amount of oxygen permeated cannot be neglected while a metal or glass material to be used in 
canning or bottling has an oxygen permeability of substantially zero. 

Another method for imparting gas barrier properties is a method of dispersing an inorganic material in 

30 the flat form in a resin. For example, JP-A-62-1 48532 describes a production method which comprises 
coating on a releasable substrate a coating composition consisting of 100 parts by weight of a polyurethane 
resin solution having a concentration of 30% in 1 ,6-hexanepolycarbonate diol, 25 parts by weight of mica 
powder and 60 parts by weight of dimethyl-formamide, drying the same and then releasing it from the 
substrate. 

35 JP-A-64-043554 describes a method of obtaining a film which comprises adding mica particles having 
an average length of 7 u.m and an aspect ratio of 140 to a methanolic aqueous solution of an ethylene-vinyl 
alcohol copolymer, pouring the solution in a cold water to form a precipitate, removing the precipitate by 
filtration, drying it to form pellets and then forming the pellets into a film. 

JP-A-3-93542 describes a method which comprises coating a biaxially oriented polyethylene tereph- 

40 thalate (OPET) film with a coating composition consisting of a silyl group-containing modified polyvinyl 
alcohol and synthetic hectorite at a weight ratio of 50:50. drying the same and then heat-treating it at 130- 
150- C. 

However, the films obtained by these techniques are still not sufficient in gas barrier properties and 

cannot be always said to be satisfactory. 
45 Thus, it is the object of the present invention to overcome the above-mentioned problems of the prior 

art and to provide a resin composition or its molded article including film having excellent high level gas 

barrier and moisture barrier properties. 

Another object of this invention is to provide a process for producing the gas barrier resin composition 

or its molded article including film, 
so The above first object has been achieved by a resin composition or its film or laminate comprising a 

resin and an inorganic faminar compound having a particle size of 5 um or less and an aspect ratio of 50 to 

5,000. 

This invention further provides a process for producing the above resin composition or its film, which 
comprises dispersing an inorganic laminar compound in a resin or resin solution in the state that the 
55 inorganic laminar compound is swollen or cloven with a solvent, and removing the solvent from the 
dispersion, if necessary in the form of a film, while keeping said state. 

The inorganic laminar compound used in this invention is an inorganic compound having a laminar 
structure formed by unit crystal layers being piled up one another, and any inorganic compound may be 
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♦ of rt nf 50-5 000 In view of the gas 

clav minerals and the like. mmnnsition is very difficult, and therefore, the particle 

' Th spect ratio (Z) of the inorganic lam.n* ~ e Vaccordin 9 to the dynamic light-scattering 

^determined by r"-*^^^^ me powder X-ray 

S^er Isa^a -* - - ~* W 9fea,e 

^the w,dth of one ^ rati0 of the inorganic iaminar compound in the res, 

C ° ?°e aspect ratio of the inorganic laminar ^Z^xXZ^o. of the composition and the un, 
directly. Between the spacing d ^j»£7 tt inofga nic laminar compound, there is a 
th ckness a determined by the powder X-ray d.ffract on or me a chajn Qf ^ resin , n tne 

laminar compound, and hence, u is uwa 

size of the inorganic laminar compound m the resm , a c °" s » d conside red not to exceed he 
Z the particle^ L determined »**^*%^* m0l «c* become lower than Z ,n the 
l0 ng diameter U a „ so that the true aspect ratio u»» 
« definition of the aspect ratio in this '"ventwn. |n w$ invention be relatively high ,n 

rsars ssss» « - - - — - - 

« compound which can be swollen or cloven w, h .solvent Amog )n wh , ch h9 

are more preferable. The day minerals are c'assified .n o * :^ n ° dron layer in which the center metal « 
ppeT p IL o, the tetrahedron layer of ^.^^^^ in which an octahedron layer ,n 
aluminum, magnesium or the like, and a .type mo. a three ay ^ (etfahedron layers of 

which the center metal is alummum. magnesum or ^ ^ 

" Si ' iCa The former type includes the kao.ite ^^J^S'SZ^^ * 
the smectite Group, the vermicul.te Group, the m,ca Group 

cations between the layers. antigorite. chrysotile. pyrophyllite. montmonllon te. 

Specifically, finite, dickite. n^e. M o y»t _ margarite , talc , ve rmicu,ite. phlogop.te. 
55 hectorite. sodium tetrasililic mica. sodium taemolite. 

x anthophyllite. chlorite and the like compound is not critical; however, in the case nrt. to 



EP 0 590 263 A2 



25 



40 



acetoZ and P t h° P P l 0l 'r f ylene H 9l r 01 ' die ' hy ' ene 9 ' yC0 ' thS ' ike: « m *hylformamide: dimethylsulfoxide; 
acetone, and the like. Water and alcohols such as methanol and the like are more preferable 

„th u »nt reS '? ? e u ,'" tWS inVemi ° n iS n0t Critical and includes ' ,or sample. Polyvinyl alcohol (PVA) 

s cchar de oL a v C ; ? "TT- <*™°"*° polyacrylonLe (PAN, poly- 

saccharide, polyacrylic acid and its esters, and the like 

vveiqhrprc'ema^'rH 0 ^ 8 TV* ^ h * dr °9 e "- b °"1ing ^ms satisfying the requirement that the 
range o P 20-60% hydr ° 9en ' b0ndm 9 ^ °' 9'°up P« unit weigh, of the resm falls within the 

oerceSfo^ T^k ? h '' 9h hydro 9 en - b °"<*n9 satisfying the requirement that the weight 

of 30 50- °' '' e h hydro 9 en - bond ' n 9 9roup or ionic group per unit weigh, of the resin falts within the range 
amfno 1*. n * ."^"^'"a 9roup of the high hydrogen-bonding resin includes hydroxy! group, 
amino group thiol group, carboxyl group, sulfonic acid group, phosphoric acid group and the like and the 

^r 9 p ro: P c, anr,e a r yla,e 9raup ' sui,onate ™ m *™ 

" are Z^TolTTf^ ^ "I™ 9f0UPS °' ' h8 h ' 9h "^"-bonding resins, more preferable 

o 1 11 9 P ' 9r ° UP ' Carb0Xy ' 9r ° UP ' SU ' f0niC acid 9'°"P. carboxylate group, sulfonate ion 

group, ammonium group and the like. 

the vSf LtTta"? °' ? T1 inC ' UCie - '° r examp ' 6 ' p0 ' yvinyl alcoho1 ' el hylene-vinyl alcohol copolymer, 
the vinyl alcohol fraction of which ,s 41 mole % or more, polysaccharide such as hydroxymethylcellulose 

hCs^e^ amy ' OS8 ' amy ' 0PeCtin ' «*"»• - d ran.^an.han chi 

I T 1 ! 6: polyacr y" c acid: PO'ysodium acrylate; polybenzenesulfonic acid; polysodium 
.he Z " P<"y^nyeneimine: polyaltylamine; i.s ammonium sal.; polyvinyl thiol; polyglycerin; and 

More preferable high hydrogen-bonding resins are polyvinyl alcohol and polysaccharide 

the ester ooTfion^T"' T™, " '° h6rein mea " S 3 pr ° dUCt 0btained bv (saponifying) 

formed n m l 1 ^ ^ exaC " y ' a copolymer of vinvl alcon °' ««» "'"V acetate ?s 

8 mole % o m 0 r S s e- T hp 8 rf e9re8 7 SaP ° nif ! Cati0n iS <" eferab,v 70 ™* * <* more, particularly preferably 
au mole or more. The degree of polymerization is preferably 100 to 5 000 

Dolvm^^l?, 0 ' 5 ' 33 '^ 3 ^ 8 " U$ed herei " means bi °P 0| y m ^s which' are synthesized by condensation- 

TheXcchar°d S ?r i S H rnOr ; 0SaCChari f eS ln 3 liVinQ b ° dy ' 3nd inC,Ud6S Chemically m0dified b -P0lymers. 
The polysccha des mclude. for example, cellulose; cellulose derivatives such as hydroxymethylcellulose 

2SX52 ^VT^^™ and the tike; amylose; amylopectin; plu'ran; Ldra^ 
hvdro^nbonrilnf "T inV8nti ° n " & ^ hydrogenHwnding resin, a cross-linking agent for the 

wK.Ti^^T used ,or the purpose 0f improvin9 ,he wa,er resistance °' the ™" 

water resistance means the barrier properties after water-resistant environmental test) 
ecu Jin™, o ^ ^V* hydro9en - bo,1din 9 9™P '« "°t critical, and includes, for example, titanium 

aqen coooer comn T * ^ C0UpU " 9 ^ Sp0xy ^ coupling 

LJtTl C ° mp0Und ' t' rconla com P° und an * *• like, and preferable is the zirconia compound. 
oxychS zircrTni m h d 2irC h ° nia Com P ound includ ^ •* sample, zirconium halides such as zirconium 
12 ^ wi fminera, f r ° xychloride '. 2irconi " m tetrachloride, zirconium bromide and the like; zirconium 
SSntam 72 n aS H Z,fCOn ' Um Sulfate - basic zirconi ^ «-»ate. Urconium nitrate and the tike; 

z con um LnLr ^ 3C ' dS SUCh 35 ZirC ° niUm ' 0rma,e ' 2irC0nium aceta,e - proptonto. 
«rborTe Z " QWmm ^ ^ ^ ZirCOniUm COm »™ s such as ammonium zirconium 

zircon^m ci r^ m Z ' rC ° n ' Um . SU " a,e ' amm0niUm 2irC ° niunl aCetate ' sodium °*a>ate. sodium 

zirconium citrate, ammonium zirconium citrate and the like; etc 

far arL'TariK^MH^ 053 "'!! 1 kin9 , 39en ' ^ h y dr0 9 e "- b °"*"9 group added is not particularly limited as 

umber of 1°, S K H^tfThT h"; m0l K S T °' ^ Cr0SS -' inkin9 9f0UP °' ' he Cr0SS - ,inki " 9 a9 -< to the 
CN Z „ ,r 1 * ' n y*ogen-bond,ng group of the high hydrogen-bonding resin (namely K = 

CN,HN) fails w,th,n the range of 0.001 to 10. and preferably within the range of 0 01 to 1 

inv P n t inn C c 0mpOS " ,On ra,i0 (V °' Ume ' ati0) °' lhe in0r9anic laminar compound to the resin used in this 
invention ,s generally m the range of 5,95-90/10, preferably in the range of 5/95-50/50 

not suffi e ^r, 8 a V °J U T r3ti0 ° f the ' n0r9aniC ' aminar com P° und ^ 'ess than 5-95. the barrier properties are 
not sufficient, and when ,. ,s more than 90/1 0. the film-formability is not satisfactory 

IZtl , C ° mpnSeS mixin9 3 resin solu,ion with a dis P ersi °' 1 f o^ed by previously 

memod 9 which cTmn ' n T n,C ' am J nar C ° mP0Und Wi ' h 3 S °' Ven ' 3 " d then removin 9 *° solvent; I 

ineinoa which comprises addino a disoe^ ; o^ v,'- = -' ^ir « . „ . 
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■„n thfi solvent and a method which comprises heat- 
compound with a solvent to the resin, and then ^^^^ are preferable since a particularly 
Sg the resin with the inorganic lam.nar compound. The former 

la rge aspect ratio is easily obtained. heat . aQe ing at a temperature of 1 10 * C to 220 ■ C after the 

sheet, container (e.g. tray, bottle or the hke . el ^ aS b ^ ^ P The substrate 0 ( the laminate is not critical 

an ; g rr^Sssr a 'i y r u eS , * — - and *. 

lite £ r to b e used as a substrate incl.es ^^Z^^™ ^ 
high density), ethylene-propylene copolymer, ethy e ^^^K^,, ethylene-methyl methacrylate 
ethylene-octene copolymer, polypropylene . ethy^ne-v nyl ace a* = P V terephtnalate . pCybutytene 

copolymer, ionomer resin and the hke; such as nylon-6. nylon-6.6, meta- 

Jephthalate. polyethylene naphthalate and th > ° et hacrylimide and the like; acrylic resins 

x/nediamine-adipic acid <^^^^Z^ res.ns such as polystyrene styrene- 
such as polymethyl methacrylate and the like, styrene o J polyacrylonitrile and the like. 

Stance copolymer, s'V--"^ 10 ™^ " f ^ ela TS se dia'ce.ate and the 
hydrophobic cellulose resins such as ce '7° S * ™™ h loride, p0 | y vinylidene difluoride. Teflon and 
conning resins such as polyvinyl chloride, ^J^^XL^vin,. alcoho, copolymer, cellulose 
,he like; hydrogen-bonding resins such ^^ h ^ c J onaie resin, polysulfone resin, polyether- 
derivatives and the like; engmeenng plastic ' e *" s *" cn * P Y . 
sulfone resin, polyetheretherketone resin ,and the like^tc ^ rably a fej , |y nted 

In the case of laminates ,n the form of a film, _me ° ' diC hloride-coated (so-called K- 
p 0l ypro Py lene. polyethylene terephthalate or nyton Mm. • poly V ^ Qf ^ ^ and the nner 

coat biaxially oriented polypropylene po yethylene JJPjJJ^ den y sity of high densit y) ,i,m. ethylene- 

resin composition on the surface of the subs ante d y g ^ a 

"£ coating film thickness may be varied « J fiT ^ ^« 

properties, and it is preferably 10 um or less ™' e J™^ ^ n igh. so mat such a thickness is 
When it is , um or less, the ^'^IX no ofer Kmfc and a thickness of - nm or more ,s 

,n oreferred in uses requiring transparency. There is no 

preferred in order to obtain effective gas barrie, -proper es. Qf , his invention may contain 

As far as the effect of this inventor, is not lost the res p ^ ^ ^ ^ 

various additives such as ultraviolet absorber cotonng matte r a t ° oned fl|m _ 

a laminated film and laminate which have at -east o- layer of the ab ^ ^ ^ h]gh 

55 According to this invention, it become « po»W e too bta, ^ ^ ^ 

^■J^Jff-^ " - " ~" ~ °' 5 °- 5 ' 000 3 miXtUfe 3 
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an inorganic laminar compound. 
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As stated in Examples which appear hereinafter, when the inorganic laminar compound .s not 
contained, the barrier properties are greatly interior to this invention even if the same resin ,s used (seeJor 
example. Example 1 and Comparative Example 1). Even if the resin composition .. composed of a resin 
and an inorganic laminar compound, when the inorganic lam.nar compound has an aspect ratio of about 30. 
the barrier properties are inferior 100 times or more to the Examples of this invention (see. for example 
ComparaHve Example 3 and Example 1). In the Examples, the tamer properties are , great j , d£ en 
between the case of an aspect ratio of about 100 and the case of an aspect of about 500. and the garner 
imparting effect is greatly changed at an aspect ratio of about 200. When the aspect ratio is more than 200. 
a qreater barrier-enhancing effect can be expected. 

in the process for forming a film by adding to a resin or a resin solution a dispersion formed by swell ng 
or cleaving an inorganic laminar compound with a solvent and removing the solvent, heat-ageing after he 
removal of the solvent (for example, at 150-C for 10 minutes) greatly enhances the water resistance garner 
properties after water-resistant environmental test) of the film as compared with the case in which no heat- 
ageing is effected. This means that when the film is used in packaging foods, the package is resistant to 
high temperature and moisture conditions, boiling treatment or retort treatment, and the film ,s very much 

U$ef Mo"eovet' when a high hydrogen-bonding resin is used, the addition of a cross-linking agent for the 
hydrogen-bonding group (ammonium zirconium carbonate is used in this case) great! y enhances water 
resistance (namely the barrier properties after water-resistant environmental test) o. the , Mm Wh en s 
combined with the above-mentioned heat-ageing treatment, the effect is further increased and the retuHmg 
film is more preferably used in packaging foods which may be subjected to high temperature and moisture 
conditions, boiling treatment or retort treatment. 

The resin composition of this invention has so high level barrier properties as not to be predicted from 
conventional resin materials. The oxygen-permeability per urn of thickness of the film of this invention us no 
more than 2 cc/m'/day,atm. or in some cases not more than 0.2 ccr^/day/atm. under the condibon tha 
the temperature is 31 "C and the relative humidity is 61%, while even the ethylene-vmyl alcohol copolymer 
which has the best oxygen barrier properties among commercially available resins has an oxygen- 
permeability of 15 cc/nAday/atm. Further, the ethylene-vinylalcohol copolymer remarkably deteriorates gas 
barrier property at high humidity exceeding 90%RH. As shown in Comparative Examples 25 and 26 
oxygen-permeability per am exceeds 90 cc,m*'day/atm at a condition of 23.8 -C 94.5%RH On the other 
hand, according to Examples 34 - 45, especially Example 45 of the present invention, oxygen-pe meab .ty 
per urn under the same condition as above is 0.06 cc/m^ay/atm. This fact mdicates that a film of the 
present invention has very superior gas barrier property even at high humidity. The resin composite .of 
this invention is greatly superior in barrier properties to conventional resins and is close to metal and 
ceramic in respect of barrier properties. Therefore, the resin composition can be used « uses requiring a 
metal such as aluminum foil or an inorganic material such as glass in view of gas barrier propert.es. Thus, 
the resin composition of this invention can be said to be a material which has broken down the common 
knowledge of gas barrier resin composition (such weak points of metal and ceramic that the former ,s 
opaque and the latter is brittle can be overcome by the resin composition of this invention) 

That is to say. the resin composition of this invention can be used in the form of a film in packaging 
miso. sliced dried bonito. confectionery, noodle, ham, sausage, boiled rice, curry, stew and the like; ,n the 
form of a bottle as a squeeze bottle for mayonnaise or a container for juice, soy source, source, edible oil 
and the like; and can further be used for packaging industrial materials in medical, electronic, chermcal and 
mechanical fields such as blood transfusion pack, semiconductor package, oxidative chemicals package, 
precision parts package and the like. Thus, the resin composition of this invention can be used in vanous 

forms in a wide field. , . .. . „_ t 

This invention is explained in more detail below referring to Examples; however, this invention ,s not 

limited to these Examples. 

Various physical properties were measured by the following methods. 



50 



[Oxygen-permeability] 

Measured by an oxygen-permeability measuring apparatus (OX-TRAN l*50A 
MOCON) at a temperature of 31 -C (moisture-controlling constant temperature bath. 21 C) (the relat.ve 
55 humidity was 61%) 
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[Thickness] 

Measured by means of adig.ta, thickness me.er wnen the f^^^ZZl^ 
a gravimetric analysis (the measured weigh, of a f.lm hav.ng a un* area d^de by ^ 
divided by the specific density of the composition) whe ' ^J^"" 3 tl ^ s fn ve nUon to a substrate (the 
elemental analysis in the case of a laminate of the res.n compos,, of nwnbo ^ ^ 

laminate to the ana.ysis value cf the specific element of inorganic ,am,nar compound alone. 
[Particle size] 

to a dynamic light-scattering method is taken as part.cle size L 
[Aspect ratio calculation] 

Using an X-ray diffractometry (XD-5A manufactured^ « ^«aZ^m^ 
compound alone and the resin composition were subjected to. d.Hract on, measure men by ^ 
to determine the spacing a (unit thickness) of %^ K ^Z,T^^ «* pacing of the 
KSSTSSS VV2S&*ES~ determined by the above-mentioned 
method, the aspect ratio Z was determined from the equation Z = L a. 

Example 1. 

Synthetic mica .etrasi.i.ic mica JJ^X^TS afan 

nm.'and the a value obtained from the powder X-ray , - s . ^ T™! ^ p , mention 
,043. Po.yv.n-,. a.cohol (PVA 2,0 manufacture. W sap ca ,on » • P f * ^ fay 

degree: ,.000) was dissolved in de,on,zed water (0.7 u&cm or less) r a c , Liquid B were 

wjght. The resu.ting so.ution is used hereinafter as a roan solut.on (Uquri q 
mixed so that the solid component ratio (volume rajo Dnorganc m ^^^L" 5 ^ 
.suiting mixture is used *~«**<-*^ by Fuji Photo Fi.m 

obtained by subjecting a tnacety.ce.lu.ose (TAC) him (HJJi . «- , reatmen , and then dried at room 
Co.. Ltd.) having a thickness of 76 urn to surface 8 ^'^^^^" t w ^ 0 w um . -p* oxygen- 

Example 2 

gas barrier properties. 



so 



Example 3 
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The same procedure as in Example , was repeated except aTeC^re 
using a direct gravure coater (MuUicoater M-200 ' ^ 80-C "a ed 4 times) Obtain 

Table 1 which indicates excellent gas barrier propert.es. 



7 
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The same procedure as in Example 1 was repeated, except that a direct gravure coaler ^coa* M- 
200 manufactured by Hirano Tech-Seed) by a direct gravure coating method (coating speed: " 
5 drying temperature: flO'C. repeatedly coated 4 times) and the substrate was replaced with a biaxiahy 
orienfed polystyrene (OPS) film having a thickness o, 25 am [TYPE(TH,CO. ^"^"^J 
by Asahi Chemical Industry Co.. Ltd.) to obtain a gas barrier film, which was then subjected to oxygen- 
permeability test. The result obtained is shown in Table 1 which indicates excellent gas barrier propert.es. 

to Comparative Example 1 

The same procedure as in Example 1 was repeated, except that Liquid A was not used and a M% _by 
weight solution of polyvinyl alcohol (PVA 210 manufactured by Kurarey. «pon. .caUon degree^ Ml <>. 
polymerization degree: 1.000) in deionized water (0.7 uS/cm or less, was 

obtain a film, which was then subjected to oxygen-permeability test. The result obtained is shown ,n Table 1 

which indicates inferior gas barrier properties. 

Comparative Example 2 

The same procedure as in Example 1 was repeated, except that Liquid A was not used and a 2% by 
weigh, solution of hydroxyethylcellulose (HEC manufactured by Wako Junyaku Kogyo) in deion ze d wate 
,0 7 uSem or less) was substituted for the Liquid 8. to obtain a film, which was then sub,ected to oxygen- 
permeability test. The result obtained is shown in Table 1 which indicates inferior gas barrier propert.es. 

25 Comparative Example 3 

The same procedure as in Example 1 was repeated, except that the Liquid A "as replaced with ■ a 
dispersion obtained by dispersing synthetic hectorite (Laponite XLG manufactured by N.r»n S*ca ^Kogyo 
particle size: 35 nm. a value: about 1 nm (diffraction peak was broad), aspect ratio: about 35 ] ide.cn.zed 
water (0.7 uS/cm or Tess) in a proportion of 2% by weight and the Liquid B was replaced w.th a 1,. by 
weight solution of polyvinyl alcohol (PVA 210 manufactured by Kurarey, sapon.ficahon degree^ 88.5 . 
polymerization degree: 1,000) in deionized water (0.7 uS/cm or less), to obtain, a film wh.ch was then 
subjected to oxygen-permeability test. The result obtained is shown in Table 1 which indicates inferior gas 
barrier properties. 
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Comparative Example 4 



The same procedure as in Example 1 was repeated, except that Liquid 8 was not used to prepare ,a 
film. However, the synthetic mica was peeled off from the laminated film and flaws showed hornbly on the 
40 film surface, and the film-formability was inferior. 

Comparative Example S 

Triacetylcellulose (TAC) film (thickens: 76 urn, FUJITAC CLEAR manufactured by Fuji Photo Film Co 
4S Ltd.) had an oxygen-permeability at 61% RH as shown in Table 1 which indicates greatly inferior gas barrier 

properties. 

Comparative Example 6 

so A biaxially oriented polystyrene (OPS) film having a thickness of 25 urn 1^^°. c^a-tr«*eA 
manufactured by Asahi Chemical Industry Co.. Ltd.] had an oxygen-permeability at 31 C and 61 .. RH as 
shown in Table 1 which indicates greatly inferior gas barrier properties. 



Examples 5-15 



The oxygen-permeabilities of films each composed of the inorganic laminar compound, resin and 
substrate shown in Table 2 in the proportions shown in Table 2 were measured Each of the films was 
formed by coating on the substrate a coating solution consisting of Liquid A and Liqu.d B prepared ,n the 
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w 



same manner as in Example , .cap, ^^^^^Z^ a^crogUe 

ss ssrs 60 ' c - heater) and 10O ' c (ou 

^ The resu.ts ob,a,ned are shown in Table 2 which indicates exceilen, gas barrier proper,,, 

Comparative Examples 7-13 

The c,yge,permeabi,i,ies o, films each composed j of the ^^^l^ 

shol fn Table 2 which indicates inferior gas barrier propert.es. 



Examples 16-25 I 3 n the 

R ,ms each composed o. the inorganic ^ ^^^^1*^ *• 

photons Shown in Table 3 which had been «*SSn^^2£ - «" i " n ""* n * "* 
conditions shown in Table 3 were a coating solution prepared in the same 

water. The films were prepared by coat, n , the su b mate w ,ma g ^ ^ fay ^ , , 
manner as in Example 1, except that the concenMftonscrf Uqua Qf (ne coating so i ub on 

cross-linking agent for hydrogen-bond.ng group Testcoa.er NCR 3-230. CAG 150. CR3 

consisting of Liquids A and 8. by means of grav ^ ' speed: ,. 3 m , mi nute. dry.ng 

manufactured by Yasui Seiki) by *™V<Z^ZT™e heat treatment after film-format.on was 
temperature: 60-C (inlet heater) and 00 C (outlet heater^ ^ manufactured by Taba , 

conducted by subjecting the films to trea men by *J££j£^ T he oxygen-permeability test after 
Esupekku, a, the P^H^^^^^'^'Srw* in water " 6 ° ' ° *" 13 h ° UrS ' 

Tsed indicate remarkable enhancement of water resistance. 
Comparative Examples 4-15 
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Films each composed o, the morgan, lam- ^^^^^X^ S 
4 in the proportions shown in Table 4 wh.ch ha »»en tes , The film> were prepared by 

th e conditions shown in Tab.e 4 were subjected ^ except that the concentrates of 

casting a coating solution prepared ,n t ^ " ,n w P as added after the preparation of the 

Liquids A and B were 2% by we.ght a " d fl *V 0 n an acTylfc resin plate so that the film thickness after 
coating solution consisting of bqu.ds A and B or an ^ c ^perature. The dissolution resistance 
drying became about 20 urn. and dry.ng to heat-treatmen, by a hot air dryer 

test was conducted as follows: The Mm samp e obtained was suD| tempe ra,ure for the predetermmed 
(Perfect Oven manufactured by Tabai Esupekku) a \*°^™™ c for P 10 minu , e s. taken out together 
*™*^«**>^^™-Z^#?^&*C for , hour, after which the we.gh. 
with the stainless steel net. a,r-dr,ed and t e ardr ^^ ed a J ° of remainder , the better the water 
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Comparative Examples 16-24 

Dissolution resistance test was conducted of films each composed of the inorganic laminar compound, 
resin and cross-linking agent shown in Table 4 in the proportions shown in Table 4 prepared in the same 
manner as in Examples 26-33. The results obtained are shown in Table 4 which indicates inferior water 
resistance. In particular, in Comparative Example 19. coloration was violent; in Comparative Examples 21- 
23. deformation of film was violent; and in each case, the appearance was inferior. 

Examples 34-45 

Oxygen-permeability test was conducted in the same manner as in Examples 16-25, except that the 
test was conducted at high humidity. The results obtained are shown in Table 5 which indicate superior gas 
barrier property. 

is Comparative Examples 25 and 26 

Oxygen-permeabiiity test was conducted at high humidity as in Examples 34 - 45 by using an ethylene- 
vinyl alcohol copolymer film (trade name: Eval EF-F. manufactured by Kuraray Co., Ltd., film th.ckness 15 
urn) which is a commercially available barrier film. The results obtained are shgwnln Table 5 wh.ch .nd.cate 
20 inferior gas barrier property. 
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Note to Tables 1 to 4 : 
Substrate 

TAC7 6: Triacetylcellulose (trade name: FUJITAC CLEAR, 
manufactured by Fuji Photo Film Co., Ltd.), 
surface-saponified product, film thickness: 76 um 
OPS25: Biaxially oriented polystyrene film (trade 

name: Styrofilm (TH)CO, manufactured by Asahi 
Chemical Industry Co., Ltd.), corona- treated on 
one side, film thickness: 25 \im 
OPET25: Biaxially oriented polyethylene terephthalate 
film (trade name: Lumilar, manufactured by 
Toray Industries, Inc.)/ corona- treated on one 
side, film thickness: 25 \xm 
0FET12: Biaxially oriented polyethylene terephthalate 
film (trade name: Lumilar, manufactured by 
Toray Industries, Inc.)/ corona-treated on one 
side, film thickness: 12 urn 
ONyl5: Biaxially oriented nylon film (trade name: 

Emblem ON, manufactured by Unitika Ltd.)/ corona- 
treated on one side, film thickness: 15 urn 
OPP20: Biaxially oriented polypropylene film (trade 

name: Pyren Film-OT, manufactured by Toyobo Co., 
Ltd.), corona-treated on one side, film 
thickness: 20 urn 

Resin 

PVA210: Polyvinyl alcohol (trade name: Poval 210, 
manufactured by Kuraray Co., Ltd.)/ 
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saponification degree: 88.5 mole%, 
polymerization degree: 1,000 
HEC: Hydroxyethylcellulose (manufactured by Waico 

Junyaku Kogyo) 
PVAl 1 7 H : Polyvinyl alcohol (trade name: Poval 117H, 
° manufactured by Kuraray Co., Ltd.), 

saponification degree: 99.6 mole%, 
polymerization degree: 1,700 
PVA110: Polyvinyl alcohol (trade name: Poval 110. 
manufactured by Kuraray Co., Ltd.), 
saponification degree: 98.5%, polymerization 

degree: 1,000 
PVA103: Polyvinyl alcohol (trade name: Poval 103, 
« manufactured by Kuraray Co., Ltd.), 

saponification degree: 98.5%, polymerization 

degree: 300 

PVA124: Polyvinyl alcohol (trade name- Poval 124, 
manufactured by Kurarey), saponification 
degree: 98.5%, polymerization degree: 2,400 

35 

NaTs : Synthetic tetrasililic mica (trade name: N a T s, 
manufactured by Topy Kogyo), particle size: 977 
nm, a value: 0.9557 nm, aspect ratio: 1043 
L aponite: Synthetic hectorite (trade name: Laponite XLG, 
manufactured by Nippon Silica Kogyo), part.cle 
siz e: 35 run, a. value: about 1 run (diffraction 
peak: broad), aspect ratio: about 35 
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35 



KunipiaF: High purity montmorillonite (trade name: 

KunipiaF, manufactured by Kunimine Kogyo), 
particle size: 560 run, a value: 1.2156 nm, 
aspect ratio: 461 
SmectonSA: Synthetic saponite (trade name: SmectonSA, 
manufactured by Kunimine Kogyo), particle 
size: 108 nm, a value: about 1 nm 
(diffraction peak: broad), aspect ratio: 
about 108 

Cross-linking agent 

AZC: Ammonium zirconium carbonate (trade name: 

ZircosolAC-7, manufactured by Daiichi Kigenso 
Kogyo), aqueous solution containing 15% by 
weight of zirconium oxide, added so that the 
amount of hydrogen-bonding group in the resin 
became 15 moles per mole of zirconium element 



40 



45 



50 



55 



EP 0 590 263 A2 




55 



EP 0 590 263 A2 



JO 



75 



20 



25 



30 



35 



40 



4$ 



in 
0) 



in 



r- 



a 


in 






in 




X 


X 


5 


a: 


dP 




03 


in 






O 












a 


a 


0 


0 


<T> 


CO 






CO 


n 


CN 


CN 



50 



a 
e 
o 
o 



CN 



J3 



I 

tu 
W 
t 

> 



£ 
c 
a 

*j e 

H in 

u 

^ tn 
o a 
a, c 
o 

u u 

H £ 
O 4J 
X 

o — 

u • 
> 

c * 

> 
I 

(V 

c 



o 
a 



( 

X 

o 
> 



55 Claims 

1. A resin composition or its film which comprises a resin and an inorganic laminar compound having a 
particle size of 5 urn or less and an aspect ratio of 50-5,000. 
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2. The composition or its film according to Claim 1, wherein the inorganic laminar compound is swollen or 

cloven with a solvent. 

3. The resin composition or its film according to Claim 2. wherein the inorganic laminar compounds is a 
5 clay mineral having a swellability. 

4. The resin composition or its film according to Claim 1 , 2 or 3. wherein the aspect ratio of the inorganic 
laminar compound is 200-3,000. 

,o 5. The resin composition or its film according to any one of Claims 1 to 4. wherein the volume ratio of the 
inorganic laminar compound to the resin is in the range of 5/95 - 90/10. 

6. The resin composition or its film according to any one of Claims 1 to 5. wherein the resin is a high 

hydrogen-bonding resin. 

15 7. The resin composition or its film according Claim 6. wherein the weight percentage of the hydrogen- 
bonding group or ionic group per unit weight of the resin is in the range of 30-50 .... 

8. The resin composition or its film according to Claim 6. wherein the high hydrogen-bonding resin is 

20 polyvinyl alcohol or a polysaccharide. 

9. The resin composition or its film according to Claim 6, which further contains a cross-linking agent for 
the hydrogen-bonding group of the hydrogen-bonding resin. 

2S 10. The resin composition or its film according to Claim 9. wherein the cross-linking agent is a zirconia 

compound. 

11. The resin composition or its film according to any one of Claims 1 to 10 which has an oxygen- 
permeability per urn of thickness at 31 ■ C and 61% RH of 2 cCm^day/atm or less. 

30 12. The resin composition or its film according to any one of Claims 1 to 10. which has an oxygen- 
permeability per urn of thickness at 31 -C and 61% RH of 0.2 ccm^'day/ atm or less. 

13 A process for producing a resin composition or its film, which comprises dispersing an inorganic 
Lin^ compound in a resin or a resin solution in the state that the inorganic laminar compound ,s 
swoLn or Ten with a soivent, and removing the solvent from the dispersion, if necessary ,n the form 

of a film, while keeping said state. 

14. The process according to Claim 13. wherein the resin composition or film is subjected, after the 
removal of solvent, to heat-ageing at a temperature of 11 0 • to 220 ' C. 

15. The process according to Claim 13. wherein the resin composition or its film according to Claim 9 or 10 
is subjected to heat-aging at temperature of 1 10 ■ to 220 • C after the removal of solvent. 

, 5 16. A laminated film or laminate having at least one layer of the film according to any one of Claims 1 to 
12. 

17. A laminated film or laminate comprising at least one layer selected ^^^^^ 
propylene film, a biaxialiy oriented nylon film and a biaxially oriented polyethylene terephthalate Mm, 
so and at least one layer of the film according to any one of Claims 1 to 12. 
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